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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide a high breakdown voltage and high 
output 

power field- effect transistor in which the carrier concentration in 
a channel 

layer can be increased without increasing the n-type impurity 
concentration in 

the channel layer, and to provide a manufacturing method thereof. 

SOLUTION: In the field-effect transistor in which an InGaP layer 
203, at 

least, is epitaxially grown on a GaAs substrate 201, and one portion 
or all of 

the InGaP layer functions as a channel layer, the InGaP layer and its 
adjacent 

upper or lower layer are constituted of a first semiconductor layer 
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(a buffer 

layer 2 02) in which the natural superlattice has been broken and the 
alignment 

of two or more kinds of atoms in the surface of a III -group atom 
layer has 

become irregular, and a second semiconductor layer (a channel layer 
203) which 

is epitaxially grown on the first semiconductor layer, and in which 
the 

alignment of two or more kinds of atoms in the surface of the Ill- 
group atom 

layer is regular and the natural superlattice is formed. 
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GaAsiS20UC, ^<Hln 
GaP/l2 0 3#Xt°:?^i^;HfcR§;fU InGaP 

lh7yyX^(;fcV^, InGaPltf(7)JJXIi 
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1mm 1 3 *mm®Lkiz. tunGaPi 
«BL-c»jfis*i, me i nGapa^)-aifctt^aj 

mflEI nGaPJItlSl nGaPl«iIX(iTl« 

rtCtJ ft 6 2 80SI3Lh^K^S5il3&cpSiiJ k&oTvi 
&li?l<o¥*ttJlfc. fl^l*>¥*ttJlJ:fc:xt** 
i"WMi£3*U IIIftM?Sffirttci3itS28Sl;U: 

^m^^E^J^iJWt'i^is^ ^ * as 2 

<9¥$tis;f t <Offl^^Tfllfi£$ til) i k fcftfi k f 

im&2) *m&mfc±iz. >j?%<ti> i noapja 

*Ma B B ± Iz . V-VHW y J; t* y- h ttffirt 5 

iM-* *)vmt Lxmfrhwum Yyvvxtiz.n 

fflfil nGaPSWTJltRfti-4** 1 . iMSW 
BeKS^-CIIIBUa^BBrtttJJtS 2gSUil±c0Jj§(7 
cWWSIlk «roTV^S 1 o¥»*Ji*»4>=5r 9 . 
pfEI nGaPJl*\ frlEIS KO^fWlilCXt 9* 
S/*/H££S*u nifclK7«ffirtfc;fcttS2W^U: 

^s^coie^J^si'JWt'iMs^^m t x wh m 2 

[fS*«3 3 ¥SM*£ttLhfc:, i^=5r< HlnGaPf 

^-isrtctjtts 2a«uLh«js^ie^j*crffliyt^ 

-5T^SSlo¥*fWB*»4> J SrO. Si nGaPli 

^ xk**w/w«$*u iiiisas^aiBrtcfcJt 
$ 2i^xh^Ji^iiiwsiijw-ci^i^sr^js 

LTi*S£2<^*fMte*-r4c: 

friem 2 eo¥&ttJi t fifes? 1 o¥$ftJf t om<r> 
^Tn&mzmTi)*mztiz> z t &mt-t&n#m 
i nm 3 ^^"fn**-cie®^^^ h y yvx 5 . 

[M#E5] BiffeS? 1 I nGaP. I n 

AlGaP. I n A 1 P. GaAs „ A 1 GaAs , £ 

tciiztit><r>mm#x'ffif8LZtix^iztzm®ti-& 
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[it*JS6] fliEJB 2 I nGaP. I n 

AlGaP, InAlP. ifctt£ft6«SBfr-Cl»£ 
$fttv>*vlk£#©k^Si*£m7S5Wvf*i,j,> 

yVi?X?. 

[I5M8 ] mLnWK-mimmt. 1 x 1 o • e c m 

10 - 3 OTtt6«S*lT^6ii:*«ai:-r6iii*Ji7ia 

m$.m ] fTie I n G a PJH«0TSfc, *v K*a> 
7 , * J ffiei nGaPlJih«0. ^*<Ki^DL&VV\-.y 
7 r JBfctf-tSC: k ^#Stt-rSlS*Jl 1 OWf 
ii**-fcfBKOlE!?3J* h v >¥Xfi. 

[fS#JBl 0 3 Miei nGaPli:Buie^'-y7T 
«k«C VHSfaJltffil&l nGaPSJO/hSv* 

20 [fS^Sl 1 ] fife I nGaPSc7)±JlC AyK^ 
>y r«e I n G a P JlfiLh^^ 'J 7H , XJ4«^F«» 

i n g a pm x *)frz^±&mrmwat:irr 
izbifflkt-ti imm imiow ^-fft**-£fe 

titsji 1 2 ] set, fife i nG a pstfrfe-hsw^ 

izb mw.b^utm. i i amcomm}^ h y > ; j 

30 InGaP, InAlP.Al GaAs. &tz 

&zti^mmxin&ztL&zbzm.b?zm-$m 
i o^si 2<ov^j&>- cies^twh^y^ 

[W^ l 4 ] flfey- h«TJItc, *v Hdf-r 77 

I n G a PJlJ^±«0i/ g 7 h^f- «*#t4 - 

zimbt&nm. 1 i 3«o^-m*>-^ie®^i 

imXmi 5] fjfev3-yh^f-«*\ InGaP, I 
nAlGaP, InA I P, Al GaAs, 

40 (=<mmwxmmixhzbmwLb-tmimi3%i 

mzmh imm-m^mmti^mib^x^ 
&m?>*mmmfcrixnb. msvmmm 

±fcxe^*5/ir^«***L, IUKJgWgffiFtywfcft 
5 2«SU±o^^E5iJ*™«-C'e^ii^^^^ 
LTV^a2W»tWB*»J»t6iefc. *i^*<k 

*> *-r i. - k w&b ■fmRmg h ? > ax tommy 
50 im%% 1 7 j fries? i <v^fambmi?&2<7)¥mtti 
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Jit*. im&mmfi&mzmztiL%m.*:%z.x 
1 8 1 ffian i m-Mfomz . 5 3 o-c~ 6 o 

in^mi9] mt&S2<?)*mwmz . 6 3o-c~7o 
t mm. t -tmxm i 1 im?>mm% yyyvx? 

[000 1] 

tm&mmxvzvmm-nmfcmi. mz. inGaP*> 
<mmxmzmh. 

[0002] 

T(i. mmit ■±®mttfinMizmfrt>ixx}o*). mm 

h. ^<m$.*mtz-$tzwz. vmmkwmmMz 
a\^x\$. mmh%hyyi;x?<7)nME.iUz£z>m\ii 
d\y£ Bmitzm«<vm%.tfinhtix^z>. 
[0003] wm%)% v yvitxtzmimkth-Km 

b LXli. 1~*r*>vmmii<zv4 hVN'y y ycr> I 
nGaP, G a N x S i C&fc'£, V£&(DS iWaA 

sizwhixm-t&mtf&nztix^z. muz. 

■ftfflVl 0-26 1 6 5 3-f ^fglcte, InGaPiO 
=5rl>f-v *;H * #t * tfWr^ 
ilX\^h. I nGaPO^&Ayh'^-v^V);*^ 

I nGaPliGaN^S i CbWj:*). Ga 

a s mmzftmszit t z t tmmmx-h o . * 

[00 04] 

aPtem^Wfi&ftjgJttfl X 1 cm/sX'3!)0, G 
aAs£O2X10 7 cm/siZjfcKX'^Z^tZlh* Ga 

Asi»l h 5 y=Jx9b mm<7)%\^fkk F W y« 
a, ttKzyyrfyxznhfctbttZte^ i nGaPf 

U n SPra*ftiME<OJS*tt h n yms.o&Titt o 

t^ohU-VXycommzh*). GaAstWb 
[0005] #»PH±. ±IEH»5(ce*-C$r3;h.fct> 
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ftiMteSK-t f-+*;Hi*W)* ■* UTS 

gz^tbi z t #-e# • m&Jimftm: vyy 
y'xtte&vtnmijmzmt&zbizhi. 

[0006] 

tC, 4"&<£i>I nGaP^'Xtf^dfy^/U^Sfl 

io ymsfc «t vy- vwm& ixm&zti. mi i 

nGaP*<0-»4fc«iaW* t f-v*/Hli: LTfllllt 
S^WttJRb^y^X^fctJV^T, BUfB I nGaPIt 
IS I n G a PflOjJIXttTlfcRft-f * JB t 

ata^j&tKWSixriiiflira^JiiBrtfcitjft* 2asua 

b. mimi?>mm±iz^?*is*)umzti. 
umiK^mmmzmh 2nmv±m^ommm 
wmx-mmfrF zbul lx^iw.2 wm^m t 
&£fritxffi&Ziii i><7)Xhh. 
20 [ o o o 7 ] ttz. *mmiimsk h yyisxm. 

Six. HUfE I n G a P Jl?)-35£ fc»i£a»**+*/l*| 

n G a Pfl^Tl^Sft^.1^. e^JStg^*>TK«§ 

*9R!iHli:4r->'CV»4*10iNWMi3&»«,*9, frffii 
nGaPIt miMl<0¥-mt¥m±.lZtt?*i/*r/l' 
30 fi!cft$n, IIIKS : fiIffil*IlCfc(t-?»2a«W±OJSi 1 

wmfr$>%z>i><r>x'b%>. 

[00 08] ttz. *%W<7)mR$)Mkhyyi/Xfi±. 
*m#mm±lZ, >J?%< b t I nGaPl*5ie^y 

ttT«fig-ri»«^mh7yvx^tjov^. fife i 

nGaPf^ 

40 mzm& 2 wmxtniKTnmm^Mm b%~>x^ 

*»l»mWMI*»fe40, MI nGaPfiC. Xf 

iii«at^FJiiiirtt:*J»tft2WH 

at 2 (D^mm^-ri i> <nx-h h . 

[0009] #&Hmci5^Tt2:. Mffi I n G a PBcoT 
Jit, A>K^-/r^*ffiilEI nGaPllilJiCT). ^tfi 

MC, fftei nGaPahmfia^'-y^rStcOfg 
IK^ft^jjWWiE InGaPli OTSW^ 
50 flB&JH^*-f6«jSft4ii:i > C§ft. 
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[0 0 1 0] ttz. #?SHJ3£fcVvCii. mftai nGaP 

m<r>±.miz. Ay h'df + -y raffle i n g a praam 
^±s5m^&B£^&mk-fi>.rk#-e#, js 

[00 1 1 ] 4fc, *IWBtC*JV%TJi, «iay-h«s 
Tit, Ayb'^.yTWlSI nGaPBiJltOi'a 

[ 0 0 1 2 ] *f6W0«IWIl»h vVi>X?<m 

1 <VN*flcfl£iBjfrf *IS k . HfilBT«fliE?'l«±t 
xtf**i^;l4S*Sfu IlM7Jfffll*lfCtett&2 

[0013] *»Bfci3VYCtt. friem i fc 

1 cr>¥Mfom S\ 5 3 0 °C~~ 6 0 0 'COSJSIeH 
T\ iff EH 2 O^^ftl £ . 6 3 0 °C~ 7 0 0 XKDiMJS. 

btfX'Zh* 

[ o.o 1 4 ] Miam i lio^fwisflris-tstm 

kLTJi, Wilf I nGaP, InAlGaP. InA 
IP. GaAs, AlGaAs&k'SrfflV^xIktft^ 

nGaP, InAlGaP, InAlP^fflV^I 

k#T-£S. 

[0015] IME^x nlHBiieiW-ifcftett. I n 

GaP, InAlGaP. i n a i p:5:k'?>ggftj^I;^§1 ^ • 
ol2)££^iilJm-£^^^ mM^mmt^m 

£tffifc*fflJK, v/niit. T&^MSJK 
3rk'lc$S£ft&OT\ ^mifMMWBS^xt^^j/^ 

6 i k K «t oTfiTK^rnff BteJBjfcfS . 

[0016] mi^^)vmimm-h^mwm\t. n 

Wftkl/CliSi. S, Se.Te^ffll^:}:* 5 
■C#6. fcfc'U nSH^HfeiM&Wa^k InGaP^ 
I nA 1 GaPttSaSet&^fcjafiLSKfrSflrC, IS 
iem2cr»^«sSc0nS^ft-«S{i lxlO'Scm 

- 3 ja-pe**ik3&«aiu^. 

[0017] fc£fl^{**^&££fcHW»fcfflv* 

Mi-cntm mn&m±g,iffif$Lm (movp 
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Eft) "WtHLfcl nGaPJi. jfcgjfefr£J:->-C«a 

«sei^kD«r#i6^«*ig[^ffiM*jBdw-4. nitt 
easate^-^jfiLfc i nGaP^igwijs-itBjju: 

0T*4. Hi 3 fc, a«Sie&F-*JBl£L 

fclnGaPtti IHSaS^F ( I nteitfGa) frfc 
£l>IIl®L@Wlfflk. Vjysff (P) a>&*$vt)usc 
^«ffi* s 3eStcaa§ii'CfcO. ^illtBHTPWIitf) 
*{C*@-f &k , [-111] 3rfofc I nSf^Wl 

10 K^JIiii^SSfcEll^-* J; o fcSJI LT^I> . C^J: 
oZ&tmtfrFVffifS.Ztl&ttfttel nGaPfcWrRB 
5£§*rf. #Ulf InAlGaPc7)J;o'5r47C>i^|^ 
[-1 1 I n^ilffik. Gate J; 

tfA 1 T18l£$ftSJf7Sfflk#£5£iW&e^ 

[00 18] I nGaP+^Jf^SrS^otJISk I n 
- P££k G a - P&&*)«r4j)«>2£*6Bftfr«££ 

JBJR3*1* [-111] v^nWKl. 
fck^Kti [-111] #|fi]£>fl-»=tf3rtS5*IWl 
nGaPS*fc3S£-fS£fcfc:$r*. gJS8jBtft?#»Mi 

ztuz i n g a p^i*ias«ffo*s $ ^m-jss*^ 

ft^LfcWI**. Ap p 1 i e d Physics Le 
tters, Vo 1 . 68 No. 20 p. p. 2 
8 5 2fcfWr3*l"0**. CKO^iRfciSk , » 
^OTBJfcSflfc I n G a P+OflOTWO** 
30 [-111] #r6HC 1 6 m V/AT'J) 0 . Mtitr'U X 

fwitfflv^tift (ooi) mcommm < c o o 1 ] 

l£#«i9mV/AT'J>l>kfEiS$*rC^I>. 
[0019]fot. (OODIltXt^yt/l' 
e«SBfc¥#8fcW$*lfc I nGaPH« 

as i k . ffiem i <&mwm±.tzx.\:9* * 

+/PJ*fiSit. a«SHtt^S:»JfiUTV^I nGaP** 
cm- 2 kV^^*^ffi«?iW4t, 

^fii»j;^ts*m- : p* j 'sTo^fflcwa$^i». Mis 

k-ri»^kK«]:oT. nSTI$feiilSSrti^§ii-|)^k 
=5r< ^ EirtKP«K i k * ? f 

h 5 y ^^SSUtJ&^rigk =5:^. . 
[0020] 

imicommcoBm] \?mz. xmxvm&comBiz^ 
[0021] immnmm nt-r, *mm 1 

50 ov^T. H2^S05*«ggLTiJlW*. 
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[0022] m2ii.*mimm££&n%mmh7>i; 
xtnwQitt-twmmx'hh. ^s&tttGaAssig 
2oi±wi. ^famm L cr>m^tix\^ uxf, 

m^X'ir disordered" tmBtl ) *ffi#> 

(WT, B+Tti" ordered" nl 
InGaPK^4f+^H20 3, ^3 7^-1 
204, ny?? bS2 0 5frlS&mi§;ft.T^I>. a 
y^^M2 0 5±(C(iny^?hJ12 0 5i:^-5-y 
?S*rtSy-.*«ffi2 0 6:fcJ:tf h'W ymii2 0 7 
jWttfiSiVO** . V-**K2 0 6 £: 
07k^ia<0^3-yh^-S204±t{i. y 3 /r* 
-1204ty 3 -yb*-ft*W-Sy-b«ffi2 0 83&« 

*&«fi£-f 4*tf>fc, A./ 7 rJf 2 0 2tftfffii: LT 

<, InAlGaP, I n A 1 P, A 1 GaAs hh^ 

1 0 0 2 3 J #flte<7»-t"te, g«SB18?tf>JBjSS*l 
■CV^6f-^*/H2 0 3^)e5S»®tMitcJ:0» g$J@ 
*8^tf)$l£§*lTVv£vv\'7 7 rS 2 0 4 t^fofl 

*;H 2 0 3 fl^llff »8£ S*>4 1 b #T'# & . -Til 
lz£ 0 , B«B«?<Q^*W*LfcV*W^ 10-2 

6 1 6 5 3^mizm&2titzmmizit'<x FM V 
wamwm< £ o , « v > r f t«j#f* 4>n« x o 

h. 

[00 24] WT, 03JbS05£#!SlyC, 

[00 2 5] *-f, ^iSttGaAsffl3 0 1±l:, 
iJ&BffiTDftjftSJvClvgrtil nAl GaPA 7 7r 
13 0 2, a$«18W»j£$*l, A>oS i £ 3 x 1 0 
i 7 cm" ^mattznmi nGaPff^H303 
£ 1 5 0 nm«I§C, I nGaPya 7 K-130 
4£J¥£2 0nmtC, SiJ5xlO' 7 cm-3^p 
LftG a A s 3 v 9 9 YM 3 0 5 SJI&XtT? * i»v)l> 

(03 (a) #H3) . 
[ 0 0 2 6 ] 113 ( a ) comm^ htHh&mtX&fk 

VPEHa^ffltS. JS^ff*tt«litr5 0To r r 
b U IIIIIUKIMf** UTMilf h'J.tff-iWfytfA 
(TMGa) , F U^^UT/PS-^A (TMA1 ) , 
F iMf-zM yy'W (TMIn) £fflv\ VfiUKfW 
xtLxmmr^y (AsH 3 ), *X7-fy (P 
H 3 ) £fflv\ Hw'CyMRfixfXkUTfflitfj/'v^ 

y ( s i 2 h 6 ) Srffl^s. xmmBx-it&fmwf- 
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•y 7rl3 0 2(45 6 0'CT, ft*<H3 0 3te6 6 
c0T<i^r< . i«SB*S^»i£S-fr4*frk LT 6 3 0 

•c~7oo°c, mM^f£wm^hm-t 1x53 
o°c~6 0 o'ccomx-mi'tf oztizx*). *#m 

[0027] *ivm 303 c7)Ji$ t T-wmMm. 

S^rlxi 0' 8 C m- 3 JJLLfcii ^fc I nGaP<0 

10 &tm&&m*$tixit\,\ ^mmmm^nhix 

%<tc&tztb. ft*;H3 0 3c7)^%»SS(i 1 
x l 01 8 cm- 3 J3lTfcW«S*iS«eai* t ft9, £9 
»^L<{ilxl0i 7 cm- 3 -8X101 7 cm 

- 3 commmzfflfflt&t&w 

[0 028] y 3 •/ hdf-«3 0 4(4I nGaPtK 
y F^rv >/ r«r*T * ttmX'biM. *¥$.Wlz£&im 

s. • iKmmmsk f jwx? omti - fc 

Sit*»<5>, PJ^tfl nGaP, InAlGaP, In 
20 A IP, AlGaAsi>l<lZZ.tlt><7)mSm:t'£m 
^hZttfX'Zh. 

[0029 3 xt**^-wl4S£«tcfcL fl£*J: OfflV^ 

^nrv^m®^rn^7.^ffluT«^S!)Sh7yy' 

?\,Z J: 0 Vl&fth y * XJp^Xg , W^IJWS i/Au 
J6»ia%6y-Ma83 0 8*'>g «y h^r- *3 0 4±tt 
BtM-iXn* fffitfAuGe/Ni/Au3&»4)5:5y 

«3 0 5±fcttftt4IS4rirfcJ: OafsWtJBW^ff 

30 ^mh7yy*x^^B!t-r§ (03 (t>) mm) . 

[0030] H4(i*H]||»ffi{= J: 

h^y^'x^ ( fet ) t , 

CffiRLfcFET (#^¥1 0-2 6 1 6 5 3^&WlHZ 

mnztix^&mmizm) vmm. 

-FBI mm) b¥-YMK£?fit. ^mffimzXh 

mm%hyyisz?x'\i. mmmizikKx-y-hnE. 
(4S&b4>-f, WdzVl-J >mmm-kix^z>zbtfb 

. 05 {4±E2 WS^*ifeTft« Lfcy- KB 1 m 

40 tiiTim* t H U-f y«ffi^)M^^^ LT u*. . 

®t ± 4«IK6* b 7 y y'x iaiWJ: 3 tt^M 

tiJp LfcIS*. l 5 %ffij± Ufe . 

[0031 ] [gffi<9£!B2 ] *JWB»»2<0* 

nz-o^x. memmumkLxwPM-h. 

[0032] H6(**|liraJB£ J: ftttftftill h 7 y *J 

x?<r)®B&£*tmmx'hh. ^i&MHSGaAsa^ 

601±(c«, A 7 7rl6 0 2. Sf®m?(?ffi&.Z 
50 ilTV^V^.nMl nGaPH^f+^H603. 
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&tm&rP0&&ZtLX^h A*UTJi6 04. ^a-yh 
*-B6 0 5, ztyf?bm6 0 6tfM<MtMZtLX\* 
h. 3y^?M606iCli3y^?M606t* 
- S 7 V-xWM 6 0 7 fc4 K M ym 

6 0 8iffif8.ZtLX\^&. V-XWM6 07 bVUJy 
W&bO&tnWMi's -y JI60 5±K14, S'g 
•y 0 5 h x a h^-SM-n.^'- hmS6 

y ^ * * sijft-r i) Ttft t: , *■< -y 7 t m 6 o 2 <mm t 

LTJ4, ft*/H6 0 3 4 9 i>J*y «y7W;§ 
<^tfcSrfflB* t 24L<, InAlGaP, InAl 

p, a i GBLAs$>z>\,^ztit>commftKczzm^& 

[0033] ^mmcommx-iz. mMt^com^ti 
x v > h y 7 m 6 o 4 <n a ^ssamtc 4 o . e asistg 

^^J&SftT^&v^^Wf 6 0 3 tc^ro^S 

;H6 0 3 rtOVFMKfcittbS C i: * { T# & . 
[00 34] *H^McfcV^T{4. 
Jl6 0 3fca^tg^cOJgj£$ftTV*$rUnin nGa 

mzlfc<.X1-v*Jl>m6 0 3^^»MJK£ft< 

bfflLiyyrfvz. (gm) o^mi^&sif^ys; 

[0035] OT, 07 *#SHLT*HiBeJB^)«IKS 

« h 5 y iSAf^mzmmmmirmz^xm 

[0 0 36] £-f, ¥MGaAsil7 0 11t, 
InAlGaPA 7 7ri702 < g|#fif&^;WFM§ 

nxfc^-r . i & 1 . 5 X 1 0 1 s cm- 3 gam 

L/cnII nGaP^*/lW17 0 3£4 0nm<7)JS$ 
IMf«M§illt I nA 1 GaPA'J7«7 
04£H£ 1 0 nmt, I n A 1 Py 3 <y h^f— Ji7 0 
5£J?$ 1 5 nmt, S i £5X 1 0* 7 cm~ ^ mu 

ULS-ti (07 (a) #88) . 

[00373117(a) <nmmmtz*><vmM&& 

VPEgE^ffiffl1"S. l&KETWUlf 5 0To r r 

1 u mmismtizb ixmt&bvxi-)W7J» 

(TMGa), h^W^-WtTMAl), 
h y**/W yy-)A (TM I n ) Srfflv\ VjfeKfltf 
XtbXmiiST/W^y (AsHj). *X7-r>- (P 
H 3 ) *fflv\ H-ytyhSfMxttTpili{fx^7 
y ( S i 2 He ) fcJH^ft. *H^«-C{ig^i^ 

*/H 7 0 3 {4 5 6 0'CT\ 'J 7Jg 7 0 4 J4 6 6 0 



(6) ^2 0 0 3-687 64 

1 0 

-m&<, mMm-m^^i^n-tix6 3ox: 

~7 0 0'C, S%jffittW*Z*h4kt¥b LT53 0 

♦c~6 o or<oKBmft£ff 3 ^htcj: o , *%w<o 
mkzmzttfx'th. 

[0038] XmmmiZb^X . nSlnGaP4D 

Wft*;H7 o 3lia^ii^^^L^v^ffT' 
xt'^x^M&RStil.tob, ^liO^ife^ffifcJiS 
-?t, ft*;H7 o 3 / ^)^ttaain^^)±Blto 

[0039] y\*>J7Jl 7 04 14, §88)8*8? £JBl£f S 
*^^;H7 0 3bftti> L<{44 9 

Ixli:*^, 09*Jf I nGaP, I nA l Ga 
P, I nA l Pi>L<iS.Ztlt><Dmm#%Zt:m^hZ 
tifiX-th. 

20 [0040] y 3 7hJf-17 0 5(4, f+*;H70 
3t|ijti>L<{44 , 5^# ; 5r^yH d f J r -yT^^tSW 

m-j>w4, 4i»iSiiE • ftftxmm&Y? 

yiSAfZtt-mth Z t tfX'% hZtfrh. Mitt I n 
GaP, InAlGaP, I nA l P, A l GaAs £> 

i<izztit>commmt'£m^$>z>tfX'Zz>. 

[004 1 ] xt^Jf ^+A*JSttfcli, ft*J: Offlvi 
AfZftMth, 3y^y > M7 0 6i7)-gPS-x-yf-y 

4 o * y * ^jtls , «i (4w s i / a u 

30 a>6fc$y-MBffi7 0 9£s'H<yh*-*7 0 5±fc 
Jgl£-r&Xg. M£lfAuGe/Ni/AuK«V 
-Xfl;@7 0 7£41>"KW ytl7 0 8j3^?V 
if 7 0 6 ±tc^fi!c^l» iS^r biz 4 0 b 5 > ^' 

^^jWftS-f* (07 (b) #10 . 
[0042] *»ffit 4 0 ft* LfcWMfc* h y y 

isxm. micommmmx'muzmm^hyyj 
zwzitKxmttyy? ?yxitm s%n±.Ln.. 

[0043] IWfomm 3 ] «fc , *I«H^)JS 3 OH 
40 to^t, 08&t/0 9 1 TljeBfl-ri. . 

[0044] m8it*mmmz£&%#a%hyy i J 

X9<W&*5Ftmm®X'k&. ¥»GaAsfflS 

8 0 1±K14, A' 7 7rl8 0 2, 

ilTV^nMl nA 1 Ga P*»4>$r**^0B&J|8 0 

3, i^ists^*«§it, **oTttttaao^fTi?*^ 

I nGaPA^^ri.f-v^H8 04, ^H-yh^f- ^ 
80 5, rjy??hJf 8 0 6#«I&«l$*rO^. 3 
^?M80 6±.lziiayf? M8 0 6 -y 
9\m$h V-XM& 8 0 7 fc4 Xt y%%% 0 8 
50 V-X«g8 0 7 1 h'l^-< ym@8 



(7) 

1 1 

-I805ty 3 7h=>f- SStri.^-h«IS8 0 9*>' 

fZm&t&tzMZ, A«y7TJB8 0 2WtmkLT 
tt. « : Fttl&«8 0 3fcHt*»«kO*# J Sr^K^'/ 

7***t-6 aassifctmjwa* t < , i n a i g a p , 

InAlP, Al Ga.As$)&\mZtlt>e>WSft%i: 

[oo45] *mm<mmx'tt.. ^vmtmaLtt^ i 

/J\j?V*I nA 1 GaPJ;0^l.l:^ft^l8 0 3tCna 
0. m?«^S8 0 3i:f-v^;H8 0 4i:^TO* 

ffi<of - "V */n 8 0 4 rata 2 wmrf-tfxifwn. $ 
[0 04 6] ttz. ^mtmrnx-n. utmm-m®. 

»J@fg^ffM§ftTV^VVt^ft&/f 8 0 3 k^Af 
ate «WIK\f o4MBfc:*ff3 ftl> i t , 20 
9 1 it^X , f - v */H 8 0 4 PV) 2 ft^m? 

[0 04 7] ifc, f'+*A'18 0 4rtlc4t6rt<WI 
Sa»c«^£H!t£ftS S61£>3S 

[0048] wf. m9 zmmLx*mtmm<7>mft&} 30 

[0 04 9] *1\ ¥fftHH4GaAsg«9 0 1_B::, 
InAlGaPA 7 7rl902, S&®f&?jWBj£$ 
<XTJ3ft-f . *>OSi?:5xl0i8cm-3 aS&llU: 
nil nAIGaPfffi^l903^1 5nm^lg$ 

nGaPf-r^;H9 04Sr2 5nmc7)J?§t, I nA 
1 GaPya -y h^f-190 5£H£2 0 nrnt. Si 
£3X 1 0' 8 cm- 3 aSflnbfcGaAsny?:? bS 40 
9 0 6 *II&x£**«/-wH££-$-.& ( 09 ( a ) # 
rc?) , 

[ o o 5 o ] H9 ( a ) <nmmt:mtzit><r>¥-mfom& 

VPE§gS£flym>. jS*HEfltt0tf.lf5OTo r r 
i: U lUBUfCH^fc LTWilf h!Mf-;Mf'J»>A 
(TMG a ) s hU^f-Zl^T^S-^A (TMA1 ) . 
h^f/MVy'W (TMI n) £fflv\ V&Jgfttf 

xbLxmuirivi/y (AsHs ) . *^7-<y (P 
h 3 ) £fflv\ H-^-y hS^Afc LxmUfitis? 50 



^2003-68764 
1 2 

V ( S i 2 He ) fcffin*. #0IM»mg#$I1&? 
1^&19 0 3U:5 6 0*CT\ f-^^J19 0 4{i6 6 

<nx\*%< . §aaffls^*®*$*i*tt!: uc6 3 0 

'C~7 0 0°C. i«l8»f*««S***fti:UT5 3 
O'C-6 0 O'CO&H-Cj&g^fr ^ c: Jc «t 0 . *JMU 

[0051] *mmmmt> *&mmni%^i nG 

a P J; 0 * S *■+ 904 J; 0 i*HMWj*>h8 
nA 1 GaPJ:O i Sr6« : Fttl&a9 0 3t:nS^fi 

mTft^S 9 0 3 t f-v *;WB 9 0 4 (O^xn^McT) 

* + */n 904 mtzu 2 dsmTifximmzti. z 
titfyyy 9 comtiimmm o . vwmm 903 

ottBtt. e«5HII?jWBj£$*iTfcfc-$\ ipol nG 
aPf+*/H9 04 J: 0 i*?«IMja</h$ WitfJ: 
^<77C\ ^Jx.Jf I nA 1 GaP, InAlP, AlGa 
As% t'Zm^hZttfX'Zh. 4fc. *2Stt0BSI?tt 

imj&ji 9 0 3 ^coyfimmamzMikftx-® t 
uztf. «i^^«9 0 3s\cr)*mmmmi-MX' 

[0052] *3tfflMT-fcJ\ ift8ffi?«>glft3*l*C 

v ^f- a- *)vm 9 0 4 o j: 0 , nmm 
=t<mfo %tix\-j*\ ^^mm 9 0 3t^fn« 

JVM 9 0 4 I^IO 2 ifcSflFf i #"C 

**of-v*;H9 0 4rtlc&t4rtll5*fft:J:0, 

wtcw t z z t h . >{ 1 nmmnBBt 
&kx. -m^Kovyifv* (gm) 

[0053] 3 £C#3SI&<*>J8®CiiVvCI±» 
V9 0 4£TOift*tt2lllLfrV)I nGaPSffll^It 

9 0 4 F*l5:^ff -thWf-toX&tfft < ZZZtfr 
Ztuzftttyyirfyx (gm) im<^ltm 

[0 0 54] V3 y h^f- S9 0 5til nA 1 GaPC 
RSS$ix-r, f-^^;UJi9 0 4i:|5lttt<(±J: , y7c^ 

^N'y H^-v -y r t^ft tm-cft*nf . **mzJi h 

mm ■ mih^mmg b jyjztzmti z t 

X'ZhZtfrC mUf I nGaP, InAlGaP, 
InAlP, A 1 GaAsi>L<lS.Ztie><r>mMft%b' 

zm^hzttfx-zh. 

[0055] xe**W/HS*»fcli. ^*«k OfflO 

^.iiT wmf&.m*A£m^xm%%}& t ? > > 



(8) 

1 3 

mi vmx-ti y -bx»jjDis» maims i / a u 

*^^rl.y'-hm€B9 0 9Sr^3 -v h*- 19 0 5±K 
Jgjft-filS, MilfAuGe/Ni/AuH^y 
-**S9 0 7*$J:tf KM y«S9 0 8Srny^^ h 
19 0 6±fc3Bfif iXgftiffcJ: 9*IWWRh5^ 
XflfitBSLth (H9 (b) #JH) . 

[0056] *mmm,z± *)fm itzm#m vvv 

[00573 [HJ6^®4 ] &lc. *»®0iS4 OH 10 

owe. 01 OJfttfEl 1 *MkLXWmrh. 
1 0 0 5 8 3 H 1 0li*SiiW(: J: h 9 v 

tRl 00 l±Kli. A 7 7rll 002. nllnAI 
G a P a^iTSWrHfefe* 1 0 0 3. i^tg? 
ffMSixTi^-f. fro^WHra&fffcfc^I nGa 

p*»4>4Sf-+*/mi 004. eaaBtt^*qB*$*i 

fcnfilnA 1 GaPJ;0=5rS±^m^et^ll 0 0 

5. x 3 -yh*-ll 006. 3^;H1007*» 20 

hi 1 0 0 7 i:*- 5 -y ^fifftW* V-X«fi 1 0 

08*jj:vkw >«si oo9*qp*Sf*iTv^. y 

-*©gl 0 08 i: KM yHSl 0 0 9t (0S<0ya 
7h*- 11 0 0 6±fc(i. xa-xh*- 11 00 6 t 

v 3 -x o i omfcztix 

Sfcfcfc. /N'-y7rll 0 0 2totfflb IXit. TS$« 
W^I>i«£m&ttfWS£L<. I nA 1 GaP. I n 30 

a i p. a i Ga.Asb&\,mztit><r)ffla#%t'£m 
[00593 ^mmcommx'it. mamtwanw* i 

n G a P i 0 f-* */H 1 0 0 4 «t 0 kl^HR*!* 
tfVhS^I nA 1 GaPiO&STSBmi^&ll 00 
3 . J:tA'±g|5«lH£&l 1 0 0 5 (C nSTOB&fcaan 
Lfc, Hfc«9>S2SES V-Tffiik£ t ot & 9 . T^i 1 
1 0 0 3*i JtfJiaWPttlfrl 1 0 0 5 fcf- * * 
;H 1 0 0 4 k^fn#BC 2<KnM z f-tfxtmm2 

[00603 ttz. ^mmmx-it. smmmBfo 
ztix\,*±m.?mia 1 0 0 sn&mmsMz* 

0 . SfRffifrf-nBlSLZtlX \rtt\\f-**tum 10 0 4 

t&t>. mj®&?mwi%^x'imiti%m%h 

jyitAftifr^X. ff^Hl 004|%7)2&7CS 

KM >"«SE®jg£W-f l>s??• 
[ 0 0 6 1 } 4fc. #llfiOMC:fc^T{4. 50 



^2003-68764 
1 4 

fciwaku-cv^fcft, mionigojgffitcit^-cf- 

+*/H 1 0 0 4 rt£ j&W4**0>a«#*< 

ffilny^^yx (gm) *«»<**3WM> 
*S. *gytiBSTti. ft^;Hl0 04« 

±TM*0^r d^M fc 2 ifcTcm^tf* £ §S£-£T n 
^3<0HJfe^.li:it^T KM 

[00623 OT. 0 1 1 LT 3t^UBB«0«ft 

[0063] £1\ ^Ig^ttGaAsSMl 1 0 1± 

InAlGaPA' 7 7Tlll02, Si£8xl 
0i 8 c m- s aaDLfc nffl I n A 1 G aPTKtfft 
&1 1 1 0 3 £ 1 2 n m<7)!f. SIC, i^Rfifi^^fiRS 
ix?*3^-f. *»0*«flj£SHllll,$r^I nGaPf+* 
yH 1 1 0 4 £ 1 5 n mc?)W§(C. gfflBftTtfBJ&S 
trCfcO. 3&*OS i Sr8x 1 0 1 7 cm- 3 ganUrn 
II nA I GaP±WPtttell 1 0 5$rff$ 1 5n 
m(C. InAlGaP/37 b^f — 1 110 6 Sr/¥$ 1 
5nm(C. S i Sr3x 1 0 1 8 cm- s^JpLfcGaA 
say^nil 1 0 7£Jfftxe?df>-r;Hfcft-tl> 
(011 (a) #31) . 

[00643011 (a) cowikmhtzfr^mm 

OVPE§gB£l&a-t&. fi^lff^iixUJf 5 0Tor 

rtu 1 1 imj&mx t Lxmiif h y x y •> 

A ( TMG a ) . hy^^7/U5-^A (TMA 
1 ) . h'J^f;l"(yyW (TMI n) 

JKS^t LtMiar r^yy (ash 3 ) . *X7^ 

y (PH 3 ) SrfflW H-^yMM^fc LXmW 
yy5> ( S i 2 He ) *fflv%*. *HJfe}g®-C(iS^ 

^. ft*/ni 1 0 4te5 6 0-c-e. i.^m'm^a 

I 1 0 5fi6 6 0°CX'f8.%i'nitz. fS.S:i&miZ^m 

m%.ztiz>i>ox'te%<. smmTZBf&zit&gi 

fftL-C6 3 0"C~7 0 0r. S^BIS^^ttiRS^ 
^ff b IX 5 3 0 <C~ 6 0 0 •DaKHTTSft Z'tfoZb 

[006 53 ^QeBJBH, ^«fl!S:iJanL*V^ I n G 
a P J: O^Sf-A-^H 1 1 04 J: 0 i>¥?mil30)ft> 
§IM nA l GaPiO*4T»« J 3 t ttlftJil 1 0 3fc 
«fc^±^S^^ll 1 0 5fcnffl^tt«*aSJnUfc, 

I I o s&xvi&mTmi&s 1 1 o 5 kf-+*/n 1 

104t^fnM<Of-v*;Hl 1 0 4liC{i2<J: 

Srfip . T^i^Jpl 1 1 0 3Wtm«, I nGa P 
1 1 04 J: 0 fc^^HMWj^S ttfttf «k ^ ^ 
<7)T. fflllil nA ! GaP. I nA 1 P. A 1 Ga A 



1 5 

swkm^hzktf-c**. mm^mmi 105 

GaPft *)VM 1 1 04 J: 0 1 *^«»*<0/hS 
®T'$>tll£i. kW. fltf.tf InAlGaP. I n A 1 
P^t'Jfflv^Iims. 4fc, *3SSBBJB?«T 
S^Pft&l 1 0 3ts£V±.$!Rr?W&Bl 105^) 

[0066] xmtmmx'it. mjm^m^tix 

MllMrfmtiM 1 1 o 5ai?MMBMl£J: 0 . i 
«8BIS : FO»fiK§<ir(-v5ri ( ^^Si 1 04t:O^ 

«fc o fc g tiWWfne^-f nfflBKWt Sits c fc 

yVi?X?b\kKX+*:*)Vmi 1 0 41*102 #751^ 

[ 0 0 6 7 ] *Hifi<0»ct3V^T{4. f-fr 
■ 1 1 0 4tC^tt*&iSJnU*VU nGaPJfflUS: 

t^ll 1 0 4rt£j£fr1-**P*)»*a t *<**£ 
fflia^^^yx (gm) #(ffi<&«»fti> 
*6. *Iiiiltll ft^;Hl 1 0 4O 

±TM^ro^r o#ffitc 2 ftjc&Ttfx ZWmZVX 

htz&>. mmmmtit'<xw3ii®g.zm<x'Z , 

[0068] JbflNEHttM 1 1 0 5 Off S ^» 
Sim^(i±^Offlt|5R^Sii*i>OT'{i^v^\ **6ft 
MRS* 1 x l 0 1 s c m- 3 &±tzm*tk mM 

±si5«^^«i 1 0 5«3RM*asan«etti 
x i o i s c m- 3 aTizfflwzti&*mtfhz>. u> 

Ufctffe, f-**/WIl 1 0 4rtO2&7Cfrf#.XillJ£ 

±8p«&jii i o s^mmmmm&im^iftfmt 

gsjnift£fi5 X 10i'cm-3-lxi0i 8 cm 
[00 69] -/a-/ h=3f— Bl 1 06(41 nA 1 GaP 

fcR5£S*v$\ ff*/Hl 1 04i:|5]tiL<li.J: , 5■ 
*#$rA*:/^*3^^> -yr^^rf s«fi-c*fuf . *%mz 

Witf I nGaP, InAlGa 
P, I nA 1 P. A 1 GaAskL<tt£fl£>tf>fltJHfr 

[0070] Xt^Jfy^MISCIl DfflV* 
£>fc/C I •> •S'l^fiKT o-fe X £ JB I, ^T«##)3I N 7 y x 
X?ifmth. ay?? hmi 1 07O— 35£x-y-J- 
y^Ki 9B*rft 'J-feX^fiUlg, Witfws i /a 



(9) ^2 0 0 3-687 64 

1 6 

u*»6**y-MWl 1 1 0£^a •/ b*-Jll 1 0 
6±KJBjfct6Ig, MMAuGe/N i /AuH 
&*y-*«ffil 1 0 8i>J:l>'b'W 10 92: 

ay??vmi 1 0 7±tJBiS-r*IS=S:ir(cJ:0«ff 

(Ull (b) #S1) . 
[007 1 ] *3SM9B!BlcJ: 9fEKLfc«JMJ&*h 7> 
5>A*tt, ft 1 OgMBBflTCttll Lfc«!H»» h 5 
A?\,z)kKxm-ayy??yxtfmQ%\°\±.L. H 

10 ftfcKW VIKM&I&M^ 0%**U:. 

[0072] [£tt0fl»5 ] *%HJom50H 

owe, ni 2Mtmi izmkLxmrn-z. 
[0073] m\2\a?mmm\izxhms^mv^y 

i?x?<r)Mm*-f%iWWXfoh . ¥tt»SttGaAs£ 
«1 20 1 JitCJi. A* 7 7rll 2 0 2, nSlnAl 
G a P*>4>3r!>Tg!5Si i ffi&Jf 1 2 0 3. UmX&lfi 
WtitetlXtob-f. *»o^ttftaaD*ff*>=SrVM nGa 
P*>/b*ftf-ir*;H1 2 04. i#Jlfe7«ScSfl 
20 £ I nA 1 GaPJ: 9 ?S1 20 5. nil 
nAlGaPJOfrSJijWHW&ll 20 6, i/* y 
h*-JB 1207. ay??YM\2^ 
ivOv&. ay??Y-Sl 208±t,may??hmi 
208t*-$-v?tm-f&V-xmmi 2 09}5£V 
KW Xffil 2 1 OtfB&ZtlX^h. V-xm&l 
209b b'W ymmi 2 1 OfcO^Ova 7 N=*-« 

1 2 07±£li. SI 2 0 7bi/B>v h^f 
-»UW*y-h«ffil 2 1 \ iffltSi&1xX\^t. 

Sm*^* Yyyitx? t>mfcthtz*>\Z > 
30 >N'-y 7 rll 2 0 2^W4t tT(i, T^^tt^S 1 

2 0 3 fc |1] tfr X 9 # W> ¥ ^-v •/ 7" Sr ^ * it® 
fiiPSrWHj^aaK. InAlGaP. InAlP, A 

[0074] *Hf£o^®T'{4, ^Kft* j6JnU*v^ I 
n G a P J: 9 %l *)VM 1 2 0 4 J; 0 t tfr 
O/JnS^I nA 1 GaPiO^STSPmTFft^ll 2 0 
3 , fcj;l>'±a«^tt^a 1 2 0 6CnS^ttft*iiBan 

40 ft^a 1 2 0 3 J:t^X^-Hfl 1 2 0 5k f-**;WB 
1 2 04 k<^rn|HHK:2»5c« ; F^3& J iratS^ 

c: *u6» h y y ; sx ? com&mm zmo. 

[ 0 0 7 5 ] *HiBBSS-Ctt. S^J@tg?<^j£ 

snrui,^— tai 2 0 5og^©^cj:9. 

e^Jif&f-O^Sixr VvQrWf-^r^il'l 1 2 0 4 ko 

^T-mmiZiEmmmm^t. ztuzm^^ti 
t>. mM^F^mmi^x'^mitim^m:hyy 

i/x ? b Jt^T , *;H l 2 o 4 rtco 2 Wtf$=F1i 
50 ^ifiKSrafftfcasv^ Kl^-f >iESSaf**#t 4«IH»a 



1 7 

[0076] £tz. *ii»W:fcv>Tli, 

•v i 2 o 4 **frr s« ; FoaLK*<s < & a c 

ffllny^^yx (gm) im<%&$)Mki> 

fu i»»«ft*rf-y 1 2 0 4 'J7£ 
t&et&S U^-^112 05) fc, 3SSH-r«Bi 
fcJ:D?"V*/WBl 2 0 4rt^df^'JrSrtt^-fSJS 
(±gBSi4££Jl 1 2 0 6) £ * izfolftz ZblzX 

o . m4 emmmkitKzi&wmm 1206^ 

[ 0 0 7 7 ] OT» H 1 3 £#88LT*36SBB®*)*# 

[00 78] ¥tftSttGaAs£*13 0 1± 
fc. InAlGaPA 7 7rll 302. S i £ 3 X 1 

0 1 8 c m- 3 gsJnLfc nllnAlGa PTSttlHS 
*&« 1 3 0 3 £ 1 2 n mCDJ? 3 (C. SaSfitS? 
fiTJ3&-$\ **o^»aS:«jDL=3rVW nGaPfr* 
)VM 1 3 0 4 £ 1 5 n m^Jf BAHEIS? jWBjRS 
flTVi& I nA 1 GaPX^-til 3 0 5£J?§ 2 n 
mC, SiS:6X10 1 8 cm- 3 gsflnLfcnSI n A 

1 GaP±g|5m^fit^«l 306£J?£ 1 5nm|:, I 
nAl GaP^a-yh3— «1 307£i¥£l 5nm 

Si§:3xl0 18 cm-3 gSflptfcGaAs 3> 
9 9 Ml 3 0 8 £!f &xe? df S^HMM"* ( II 1 
3(a) #Bg) . 

[00791 113(a) <0flBt^»4fcftW»*IS 

8 b h j&s«±. Mi (f fitST^-tr ^ mimtt't h M 

0VPESIS*ffiffl-t4. j££E9j{±09;Ltf5OTor 
r b 1 , 1 1 1 BiEm#* t L T Wi h 'J * U * 
-A (TMGa) . h\)*+A'7A'§—*rJ» (TMA 

i ) » vvx+ivjwtj* (TMin) vm 

y (PH 3 ) Srffll\ K-AVMW^tUMilf 

yy?y (S i 2 H 6 ) zm^b. ^mmmmx-am. 

mwffi&<mw$.&.%m.i%itzitz>z. 1 1 <t of? 

V 1 .. ft«Hl 3 04125 6 0°CT\ X^-tll 3 
0 5126 6 0t:TJ***ff-»fc. ftJtfflKU:£«>tttCR 

LT6 3 0r-7 0 0°C. a&5ffift?£llE«$tf4*fr 
bLX5 3 or- 6 0 OTWKBfJ&RSrfrd £ t 

[0080] *HiS^®(i, 4^fiftSr8ai0L5r^ I n G 

a p j: o &4 *>vm 1 3 o 4 j; o <t> vhsrowa* 

§OI nAlGaPiO^TI^i^&SlSOSfc 



(10) ^2 0 0 3-687 64 

1 8 

I tf±M% i mmm 1 3 0 6 fc n £3F«fc£ SsJn Ufc , 

1 3 0 3fcJ:t/^--9-Jil 30 5tft*;Hl 30 
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